In recent years, increasing attention has been drawn to the relatively slow pace of progress in intervention efforts against micronutrient deficiencies in sub-Saharan Africa. Recent data indicate that the problem of micronutrient deficiencies remains severe, a situation compounded by inadequacy of institutional capacities and resources required for implementing well-defined control strategies. Supplementation programmes started in earnest after the 1992 International Conference on Nutrition. More recently, there has been an increase in the rate of coverage of vitamin A supplementation of children under five years of age, attributed to the integration of vitamin A capsule distribution into national immunization days. However, a major constraint to vitamin A capsule delivery is a poorly functioning health infrastructure. Transportation facilities are poor, and there are shortages of equipment and trained personnel.
Introduction
In the early 1990s, ambitious goals were set for the total elimination of vitamin A and iodine deficiencies and for the reduction of iron-deficiency anaemia by one-third of the 1990 levels, goals that were expected to be achieved by the end of that decade. According to UNICEF [1] , despite substantial success with reducing iodine deficiencies through salt iodization, the endof-the-decade nutritional goals for vitamin A and iron nutrition would not be met in sub-Saharan Africa. In recent years, increasing attention has been drawn to the relatively slow pace of progress in intervention efforts against micronutrient deficiencies in Africa, in contrast to the encouraging reports of progress in Asia and Latin America [1] . There is thus a call for national governments, donor agencies, and international organizations involved in micronutrient interventions to review their intervention strategies and to redouble their efforts in Africa.
This paper gives an overview of micronutrient intervention activities in sub-Saharan Africa, identifies the front-line actors in the micronutrient scene, and explores available intervention options. Recent data from UNICEF [2] indicate that the problem of micronutrient deficiencies remains acute in the subcontinent, a situation compounded by inadequacy of institutional capacities and resources required for implementing well-defined control strategies. For the purpose of this overview, nutrient supplementation (vitamin A and iron) is categorized as a nonfood-based approach, whereas food-based approaches include food production and preservation, food fortification, and promotion of dietary diversification, as well as aspects of nutrition education related to improving diets.
Prevalence rates of micronutrient defi ciency
A major impediment to establishing micronutrient intervention programmes in sub-Saharan Africa is The author is a Food and Nutrition Consultant in Ottawa, Canada. Ifeyironwa Francisca Smith a lack of data on the prevalence of micronutrient deficiencies. Because prevalence surveys are not available in several countries of the subcontinent, there is very little information with which to gauge the impact of any large-scale interventions. Nevertheless, what prevalence data are available from the Micronutrient Initiative iron-deficiency anaemia database [3] for sub-Saharan Africa, mostly available from the 1980s and early 1990s, show very high prevalence rates of iron-deficiency anaemia among children and among non-pregnant and pregnant women. Because of the economic downturn in most countries of the subcontinent, very little positive change is expected more recently in the prevalence picture.
In West and Central Africa, the reported prevalence rates of iron-deficiency anaemia range from 7% (Nigeria) to 78% (Liberia) among pregnant women, from 8% (Cameroon) to 64% (Ghana) among nonpregnant women, and from 38% (Cameroon) to 58% (Togo) among children under five years old. In East and Southern Africa, reported prevalence rates range from 6% (Ethiopia) to 88% (Malawi) among pregnant women, from 8% (Ethiopia) to 69% (Burundi) among non-pregnant women, and from 14% (Malawi) to 67% (Tanzania) among children under five years old.
Supplementation programmes
Supplementation programmes in parts of Africa started in earnest after the 1992 International Conference on Nutrition. Helen Keller International initiated supplementation activities in 1994 in Niger, in 1997 in Mozambique, and in 1999 in Mali [4] .* Information from the Micronutrient Initiative's vitamin A deficiency database [6] shows that during 1996-97, although 45% (18 out of 40) of countries in the subcontinent had in place national policies on vitamin A supplementation for children under five years and postpartum women, only 33% had some data on the percent coverage of children. Six countries (15%) had data on coverage of postpartum women supplemented during the first eight weeks after delivery. The reported coverage rates [7] for under-five children during this period ranged from 10.5% in Mali and Somalia to 87% in Mauritania. Coverage rates during the same period for postpartum women ranged from 10% in Somalia and Zambia to 90% in Nigeria. The estimated regional average coverage rate, based on available data, is 47% for children under five years.
A more recent report from UNICEF [2] provides vitamin A supplementation coverage data for underfive children in 20 (50%) countries in sub-Saharan Africa during 1998 and shows a regional average coverage rate of 68%. These data suggest an increase in the rate of coverage of vitamin A supplementation of children under five years. This increase is to a large extent attributed to the integration of vitamin A capsule distribution into national immunization days. In spite of this improvement in the logistics of capsule distribution, low coverage rates are still recorded in several countries [2] . Although relevant data are still not available in over 40% of the countries, supplementation has been shown to be cost effective in the short term [8] , relative to some food-based approaches. Supplementation interventions have relatively rapid start-up times and can produce quick results, so that their impact is discernible within a short period of time. However, a major constraint to vitamin A capsule delivery in sub-Saharan Africa is a poorly functioning health infrastructure to administer capsule distribution. Transportation facilities are poor, and equipment and trained manpower are lacking or inadequate. The experience of Helen Keller International in Niger clearly reflects this problem. Their 1998 report [4] indicated that the organization's initial capsule distribution strategy relied on existing health facilities and recorded a coverage rate of 20%. When capsule distribution was integrated with National Immunization Days, coverage rates increased to 70% for infants 6 to 12 months of age but remained low (25%) for children 6 to 59 months of age. Ninety percent coverage was achieved four years later as a result of increased advocacy and technical and financial support to the government.
An epidemiologic study in Ghana [9] reported that the incidence of vitamin A deficiency was highest in children 2 to 4 years old, and in sub-Saharan Africa, higher prevalence rates are reported in children within this age range. This is thus an ideal age to target children for vitamin A supplementation. However, because of the long distances mothers have to walk to attend immunization clinics, mothers in Africa tend to stop regular attendance at these clinics after their children reach nine months, when the infant would have completed the first round of immunizations. So, even though capsule distribution is tied to National Immunization Days, a large proportion of the older infant target population is still not covered, as Helen Keller International observed in Niger.
Turning to treatment of iron deficiency, women are routinely supplemented with ferrous sulphate and folic acid tablets during pregnancy [3] . Information on rates of coverage is available for 15 (37%) of the countries, with reported coverage rates ranging from 20% in Somalia to 90% in Zimbabwe. However, in the light of evidence [10] of low compliance with tablet intake among pregnant women, reports of high cover-* Helen Keller International, a major player in vitamin A capsule distribution, started providing assistance in distributing vitamin A capsules to the Bangladesh government in 1970 and to the Indonesian government in 1974 [5] . age rates with little or no reliable back-up data may be misleading. Iron supplementation programmes for children exist in only four (10%) of the countries.
Although a lack of funds and technical expertise has hampered supplementation programmes in several countries of the subcontinent, at the same time the sustainability of capsule supplementation in Africa is a major concern. As countries face social and economic crises, the ability of governments to sustain ongoing supplementation programmes is questionable, and thus the increasing call within international development and international health circles for all concerned to actively explore other intervention options.
Food-based approaches
A fundamental strategy for solving nutrient deficiency problems in any population or group on a sustainable basis is to ensure adequate intakes of foods containing a range of specific nutrients. Food-based intervention strategies thus aim to increase the production of, availability of, and access to local foods rich in micronutrients; the consumption of locally available micronutrient-rich foods by the target population; and the bioavailability of micronutrients in the diets of target communities.
Food-based approaches have a greater potential to address vitamin A deficiency than iron deficiency, because iron absorption from plant foods is significantly hampered by the presence of inhibitors, particularly in these staple foods.* In sub-Saharan Africa, early attempts at developing food-based strategies involved promoting the production and consumption of vitamin A-rich foods as well as encouraging small-scale animal farming or other activities targeting dietary diversification. These activities were initially piggy-backed on other public health programmes [12] or vitamin A supplementation programmes [13] . There were also community-based intervention trials, such as occurred in Malawi [14] .
A major shortcoming of these earlier food-based interventions is a lack of quantifiable and convincing data demonstrating impact on the target populations. As indicated by Ruel and Levin [15] in a recent review of food-based strategies, studies of these projects do not provide answers to the vital questions of their efficacy and effectiveness. This notwithstanding, foodbased approaches are receiving increasing attention in sub-Saharan Africa. Home-gardening initiatives are still being pursued, and methods of delivering nutrition education and information have improved.
Food-fortifi cation programmes
Food fortification is considered a viable, cost-effective option for meeting the daily iron and other micronutrient needs of a large percentage of the target population [11] . However, it requires adequate legislation and an effective system for controlling the fortification process.
Food fortification is a relatively new phenomenon in sub-Saharan Africa. Food fortification, which was initially not considered a front-line approach because of the lack of infrastructural facilities in most countries, is currently being actively pursued with new ideas of adapting technologies to local resources and needs. Although some fortified food products (hot and cold breakfast cereals, wheat flour and pastas, margarine, and pasteurized milk and milk products) are available in some countries, they are either imported or are manufactured within the countries by subsidiary food companies. Such industry-established fortification activities are often not under the firm control of host governments, as there are as yet very few established and operational food quality-control laws and statutes. Furthermore, these food products are outside the economic reach of populations targeted for micronutrient intervention programmes.
There exist in some countries small, pilot-scale fortification studies or programmes [7, 16] . These include fortification of weaning food in Botswana and Ethiopia, curry powder in South Africa, maize meal in Zambia and Zimbabwe, and drink mixes in Tanzania. The successful fortification of sugar with vitamin A in Zambia [17] has put more impetus into ongoing or planned fortification programmes. There are plans under way [7] for the fortification of sugar in Mozambique, Uganda, and South Africa. Fortifying staple foods with vitamin A and iron is a major challenge for most countries in the subcontinent because of the lack of centralized food processing operations.
There is also a lack of information on appropriate processing technology and fortifying agents. The Canadian International Development Agency, working through the Micronutrient Initiative and some Canadian non-governmental organizations (Oxfam Canada, CARE Canada, and World Vision Canada), is attempting to overcome existing constraints to small-scale fortification. There are ongoing pilot projects in Zimbabwe and Zambia [18] [19] [20] , as well as a feasibility study for the Republic of Benin under review [21] . These ongoing pilot intervention studies have built-in monitoring and evaluation components, which should overcome a major shortcoming of earlier food-based studies. Although these ongoing and planned interventions are small in scale, it is encouraging to note the current trend towards exploring options to complement supplementation efforts.
Women's participation in food-based intervention activities
There is a growing movement in sub-Saharan Africa to involve women in intervention programmes. Given women's key roles in household nutrition and decision-making, these women-centred intervention studies [22] [23] [24] [25] aim to mobilize women as change and intervention agents. A study of a project in Tanzania [22] examined the effects of a technology package (provision of solar dryers, nutrition and health education, and business management training) aimed at increasing the vitamin A dietary intake of young children. Although the impact of the intervention package on vitamin A nutrition of the target population was not quantified by biochemical indicators, the nutrition education component of the intervention had a larger effect on the main nutritional outcome (increased Helen Keller International dietary scores) than did the use of improved solar dryers.
Another intervention project in Ethiopia [23] built on an earlier effort aimed to empower women economically by increasing their access to productive assets (dairy goats). In the original project, it was assumed that ownership of goats would improve household income, which would in turn facilitate the purchase and consumption of milk, meat, and other foods, as well as the use of health services. The new project thus focused on improving women's knowledge and skills regarding the production and consumption of vitamin A-rich foods and the use of health-promoting services. This project provided evidence in support of three hypotheses: » Agriculture-focused interventions can increase production, but they do not necessarily lead directly to improved consumption; » Strategies specifically aimed to increase consumption are needed in order to yield nutritional benefits; » Providing women with a package of resources enables them both to produce food and to feed it to their families. An ongoing study [25] in Burkina Faso also found that investments in reducing women's resource constraints are a viable way to link food production to improved nutritional outcomes. The results of these intervention studies underscore the benefits of providing women with resources to ensure not only food availability at the household level, but also behavioural changes that promote dietary diversification and the consumption of micronutrient-rich foods.
The Ethiopian study reported that the risk of vitamin A deficiency differed significantly between study participants and non-participants, and Helen Keller International food-frequency data showed increased vitamin A consumption due to the project, but clinical examinations still showed high numbers of children with vitamin A deficiency in the participant group.
It is possible that the inclusion of biochemical indicators of vitamin A status would have provided more concrete evidence of the impact of the intervention. Another study in Kenya [24] also used Helen Keller International food-frequency scores as the main nutrition outcome indicator. Although these reported studies provide more evidence that should help in improving subsequent food-based intervention programming, the validity of the nutritional outcomes remains in question because biochemical indicators were not used. These indicators were not measured, perhaps because of funding constraints and a lack of on-site laboratory facilities for sample analysis, which make it difficult for intervention studies to adopt biochemical methods. The Helen Keller International foodfrequency survey is thus the next best option. There is, however, an obvious need for these studies to establish, in the most convincing manner, the efficacy and effectiveness of food-based interventions. Donors need to commit to this and provide the required funding.
Plant-breeding strategies
Plant-breeding strategies aim to increase the supply and bioavailability of micronutrient-rich foods in the diets of target communities. To date, plant-breeding strategies have not assumed any prominence in the list of micronutrient intervention options in sub-Saharan Africa, as they are still considered long-term options. Although plant-breeding has been used to improve yields and disease resistance of traditional food crops (sorghum, millet, and cowpeas in particular), breeding for micronutrient density or reducing antinutritional factors has not been the focus of agricultural research in the subcontinent. However, the Organization of African Unity's Scientific, Technical and Research Commission (OAU/STRC) in Ouagadougou, Burkina Faso, is working in collaboration with International Agricultural Research Centres to explore the possibilities of selective breeding of staple food crops to improve their micronutrient density.
Although this may today still be considered a longterm measure in the light of other intervention programmes, several papers in this volume show that significant progress has been made in breeding programmes for wheat [26] , maize [27, 28] , rice [29] , phaseolus beans [30] , and cassava [28, 31] . However, although maize, rice, and cassava are important staple crops in sub-Saharan Africa, indigenous foods-millet, sorghum, hungry rice (Digitaria exilis), and cowpeas or black-eyed beans (Vigna unguiculata)-are also major staple food crops, and they seem to have been neglected in current research efforts. Sorghum, millet, and hungry rice provide over 50% of the daily food energy needs of the populations in the Sahel [32] . Sorghum, millet, and maize are also staples in some parts of eastern and southern Africa. These minor cereals (as they are often called), with cowpeas and other indigenous bean varieties, constitute major food sources for a significant proportion of the population currently targeted for micronutrient interventions. It thus advisable that these food crops also be included in the current breeding efforts of the Consultative Group on International Agricultural Research (CGIAR).
What options for sub-Saharan Africa?
Africa presents a singular challenge for improvement of micronutrient deficiencies. There is a growing consensus that active integration of the various intervention strategies is required, the appropriate mix depending on the local environment. Although supplementation activities have met with bottlenecks, targeted supplementation is needed. For example, the Ethiopian intervention project [23] initially did not consider capsule supplementation as an option, primarily because of the absence of a communitybased health-care structure and the lack of community access to fixed health-care sites. Furthermore, the supply of capsules, according to the study report, was unreliable even at fixed sites. However, the report noted that vitamin A deficiency was of such magnitude that the project intervention alone could not completely overcome it in the short term. The report therefore suggested that efforts be made to address the problem in the short term through supplements, even while working towards long-term sustainable strategies.
Africa is primarily agrarian. Micronutrient intervention efforts have not fully exploited the untapped potential of the existing food systems and the immense human resources of the agricultural sector. Although a large number of projects and studies are still ongoing, and pilot projects are yet to be scaled up, the trend is towards more reliance on food to solve the micronutrient problems of the subcontinent.
The involvement of women in intervention activities will significantly increase the level of impact of intervention programmes. Women are not only involved in food production, they dominate the foodprocessing industry and are the major food distributors. Empowering rural women, as some of these projects have done [22] [23] [24] , should yield large benefits in the very near future. Studies have also highlighted the complementary effect of nutrition education programmes. It has become increasingly clear that communities need to be mobilized through information, education, and communication strategies to produce and consume locally available micronutrientrich foods.
Finally, a very basic, though not often discussed, constraint on earlier efforts at dietary diversification is the dearth of information on the nutrient contents of most commonly consumed foods (raw, processed, and cooked) in sub-Saharan Africa. This lack of reliable information may also inhibit progress in establishing levels at which foods should be fortified. Such information is also indispensable for planning and developing strategies for nutrition education and community mobilization.
